Bean and tuber extracts of Tylosema esculentum (marama) -an African creeping plant -were obtained using ethanol, methanol and water. Based on information that T. esculentum is used traditionally for the treatment of various diseases, the antibacterial and anticandidal effects of tuber and bean extracts were investigated. The antimicrobial activity of the extracts was tested on methicillin-resistant Staphylococcus aureus (MRSA, ATCC 6538), Mycobacterium terrae (ATCC 15755), Corynebacterium diphtheriae (clinical) and Candida albicans (ATCC 2091). We performed the broth microdilution test for the determination of the minimum inhibitory concentration (MIC) and a method to determine survival of microorganisms after in vitro coincubation with the highest concentrations of T. esculentum extracts, followed by assessment of colony counts. Ethanol and methanol (phenolic) bean extracts exhibited higher potency against bacteria and yeast than aqueous extracts. Marama bean seed coat crude ethanolic extract (MSCE) and seed coat polyphenolic fractions, especially soluble-bound fraction (MSCIB), were highly antimicrobial against M. terrae, C. diphtheriae and C. albicans. All marama bean polyphenolic fractions, namely cotyledon acidified methanol fraction (MCAM), seed coat acidified methanol fraction (MSCAM), cotyledon insoluble-bound fraction (MCIB), seed coat insoluble-bound fraction (MSCIB), cotyledon-free polyphenolic fraction (MCFP) and seed coat free polyphenolic fraction (MSCFP) had high antimicrobial effects as shown by low respective MIC values between 0.1 mg/mL and 1 mg/mL. These MIC values were comparable to those of control antimicrobials used: amphotericin B (0.5 mg/mL) and cesfulodin (0.1 mg/mL) against C. diphtheriae, streptomycin (1.0 mg/mL) and gentamicin (0.4 mg/mL) against M. terrae, and amphotericin B (0.05 mg/mL) against C. albicans. Marama seed coat soluble-esterified fraction (MSCS) had closer activity to that of cefsulodin against M. terrae. High amounts of phenolic substances, such as gallic acid, especially in the seed coats, as well as high amounts of phytosterols, lignans, certain fatty acids and peptides (specifically protease inhibitors) in the cotyledons contributed to the observed antibacterial and anticandidal activities. Marama extracts, especially phenolic and crude seed coat extracts, had high multispecies antibacterial and anticandidal activities at concentrations comparable to that of some conventional drugs; these extracts have potential use as microbicides.
Introduction
Tylosema esculentum (TE) (Burch) (marama) A. Schreib (Family: Caesalpiniaceae or Leguminosae)
Based on empirical data on other legumes, mostly soybeans, it was expected that the marama plant would contain large amounts of phenolic substances with antibacterial and anticandidal effects. High amounts of phytosterols have also been detected in marama oil (about 75% of all phytosterols being 4-desmethylsterols and about 16% of the total being 4,4-dimethylsterols). 14 In addition, marama beans are known to be an excellent source of lignans. 11 Marama beans are also rich in minerals such as potassium (7. 57 mg/g -13.16 mg/g), phosphorus (3.34 mg/g -5.54 mg/g), magnesium (2.48 mg/g -3.74 mg/g), sulphur (1.91 mg/g -2.36 mg/g) and calcium (1.19 mg/g -1.33 mg/g). 8, 11 While some minerals, especially trace elements, contribute to toxicity, their presence in certain plant extracts has been shown to contribute to antimicrobial effects. Parlatan et al. 23 have shown that minerals present in the extracts of Laser trilobum fruits, particularly sodium (9.26 mg/g) but also potassium, calcium, phosphorus, magnesium, arsenic and aluminium, resulted in the observed high antimicrobial activity, and not the essential oils dominating the fruit extracts, mainly limonene (41.03% -72.24%) and perillaldehyde (4.23% -32.75%).
Marama beans contain higher amounts of secoisolariciresinol (305 μg/100 g -406 μg/100 g) than soybeans (13 μg/100 g -273 μg/100 g) and peanuts (333 μg/100 g). 24 Marama beans also contain higher levels of lariciresinol (614 μg/100 g -825 μg/100 g) 14 than soybeans (287 μg/100 g). 25 However the pinoresinol content of marama beans (21 μg/100 g -23 μg/100 g) is lower than that of soybeans (446 μg/100 g). 25 Complementing this high lignan content is the fact that the levels of secoisolariciresinol and lariciresinol are retained after roasting of marama beans, which is an important characteristic because the beans usually are roasted before they are eaten. 11 In contrast to soybeans, which are rich in isoflavones, 26 no isoflavones have been detected in marama bean samples. 11 Based on the established chemical composition of T. esculentum beans and tuber, and information available on traditional uses of the plant, we sought to establish the antimicrobial effects of T. esculentum extracts. The microorganisms selected for determination of antimicrobial effects were: Candida albicans, methicillin-resistant Staphylococcus aureus (MRSA), Mycobacterium terrae and Corynebacterium diphtheria; all pose potential threats to human health.
We hypothesised that T. esculentum beans and tubers have antimicrobial effects, in this case both antibacterial and anticandidal effects. We expected that the observed positive health effects in traditional African medicine were as a result of the combined effects of the components in T. esculentum. No research on the antibacterial and anticandidal effects of T. esculentum extracts has been performed prior to this work. As an extensive chemical characterisation of T. esculentum has been done, we sought to determine only the biological effects of T. esculentum extracts.
Materials and methods

Plant collection
All research on the plant was done with full authorisation granted to the Marama II INCO (EU-FP6) research programme by the Botswanian, Namibian and South African governments. A specimen of T. esculentum is kept in the Namibian National Herbarium (collecting number GM 1063 and herbarium number 59520). Mature and naturally dried (brown) T. esculentum beans were collected during the winter seasons (April-June) of 2007 from Botswana and Namibia, and 20 kg of tuber was obtained from Jwaneng, Botswana. The air-dried beans were stored in plastic bags at room temperature in the dark. Tylosema esculentum tuber (approximately 20 kg wet mass) was ground and air-dried at the University of Botswana, then further ground to a fine powder before the extraction was done at the University of Maribor, Slovenia.
Preparation of crude T. esculentum bean and tuber extracts
Aqueous extraction of the T. esculentum bean and tuber was done using modified standard methods as previously reported. 27, 28 A cold-water extract of T. esculentum was prepared from marama bean seed coats (MSCW, marama seed coat water extract), bean cotyledons (MCW, marama cotyledon water extract) and tubers (MTW, marama tubers water extract). Briefly, dried beans were de-hulled, and then separated into seed coats and cotyledons. Dried tuber was ground and powdered. Powdered samples (20 g) were mixed individually in 200 mL distilled water and incubated at room temperature for 16 h. The mixture was then blended and centrifuged at 4000 rpm (2050 g) for 30 min at 4 °C using a Sorval Evolution RC Superspeed centrifuge (Thermo, USA). The supernatant was filtered using a 0.45-μm pore filter (Millipore, Carrigtwohill, County Cork, Ireland) and stored at -20 °C.
Crude bean ethanolic extracts were prepared as previously described. 29 Briefly, aliquots (100 g) of dry powdered bean cotyledons and seed coats were soaked in 70% ethanol (plus 1% hexane chloroform to facilitate extraction of non-polar components) until complete exhaustion of the material. The solvents were evaporated using a rotary evaporator (Labortechnik Ag, Ch-9230, Flawil, Switzerland). Residual water after evaporation of ethanol was removed by freezedrying. Dried extracts were stored in labelled sterile screwcapped bottles at -20 °C. The resultant extracts, composed mainly of lipids and other ethanol soluble compounds such as phenolic substances, 30 were labelled as MSCE (seed coat ethanolic extract) and MCE (cotyledon ethanolic extract), and then stored at -20 °C until further use. The yields of each extract of T. esculentum used are shown in Table 1 .
Preparation of T. esculentum bean fractions Preparation of free, soluble-esterified and insoluble-bound polyphenolic fractions
Free, soluble-esterified and insoluble-bound polyphenolic fractions were prepared from T. esculentum bean seed coat and cotyledon samples using the methods previously described 31, 32 with slight modifications. Tylosema esculentum S Afr J Sci 2011; 107(3/4) bean seed coat and cotyledon samples (4 g each) were extracted with 30 mL of 80% aqueous methanol for 2 h using a magnetic stirrer. These were filtered using Whatman No. 1 filter paper (Whatman GmbH, Dassel, Germany).
Free polyphenolic fractions
The methanol in the filtrate was evaporated under vacuum at 40 °C. The remaining aqueous solution was acidified to pH = 2 using 6 M hydrochloric acid and extracted three times, each with 30 mL ethyl acetate:diethyl ether (1:1). The organic phase was dried with anhydrous sodium sulphate, filtered, evaporated to dryness under vacuum, re-dissolved in 25 mL 80% aqueous methanol and acidified with 1 mL 2% aqueous acetic acid. These were labelled the free polyphenolic fractions: MCFP (marama cotyledon free polyphenolic) and MSCFP (marama seed coat free polyphenolic).
Soluble-bound polyphenolic fractions
The aqueous phases from the free polyphenolic fractions above were hydrolysed with 2 M sodium hydroxide by stirring for 2 h, acidified to pH = 2 with 6 M hydrochloric acid and extracted with ethyl acetate-diethyl ether as described above. The organic phase was dried with anhydrous sodium sulphate, filtered, evaporated to dryness under vacuum, re-dissolved in 25 mL 80% aqueous methanol and acidified with 1 mL 2% aqueous acetic acid. These were labelled the soluble-esterified polyphenolic fractions: MCS (marama cotyledon soluble-esterified) and MSCS (marama seed coat soluble-esterified).
Insoluble-bound polyphenolic fractions
The residues from the initial extractions with aqueous methanol were treated with 2 M sodium hydroxide by stirring for 2 h, acidified to pH = 2 with 6 M hydrochloric acid and extracted with ethyl acetate-diethyl ether as described above. The organic phase was dried with anhydrous sodium sulphate, filtered, evaporated to dryness under vacuum, re-dissolved in 25 mL 80% aqueous methanol and acidified with 1 mL 2% aqueous acetic acid. These were labelled the insoluble-bound polyphenolic fractions: MCIB (marama cotyledon insoluble-bound) and MSCIB (marama seed coat insoluble-bound).
Acidification of the extracts was done to facilitate good solubility and separation of the phenolic acids and flavonoids during high-performance liquid chromatography (HPLC) analysis. Furthermore, the eluting solvents used for HPLC were also acidic (0.1% acetic acid in water for solution A and 0.1% acetic acid in acetonitrile for solution B).
Preparation of acidified methanol polyphenolic fractions
The T. esculentum bean seed coat and cotyledon samples were extracted using acidified methanol (1% hydrochloric acid in methanol) as follows: 0.6 g of the seed coat was extracted with 60 mL acidified methanol and 0.6 g of the cotyledon was extracted with 40 mL acidified methanol using a magnetic stirrer for 2 h. These were then filtered with Whatman No. 1 filter paper and the filtrates were recovered as the acidified methanol extracts.
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The following fractions were thus obtained: MCAM (marama cotyledon acidified methanol) and MSCAM (marama seed coat acidified methanol). The yields of T. esculentum polyphenolic fractions obtained are shown in Table 1 . The polyphenolic fractions were dissolved separately in 10 mL of 80% methanol and stored.
Determination of total phenolic content
The total phenolic content of the extracts was determined by the Folin-Ciocalteu assay. The methanolic extract (0.25 mL), was placed in a 25-mL volumetric flask and 5 mL distilled water was added. Folin-Ciocalteu's phenol reagent (1.25 mL) was added and mixed. After 2 min, 3.75 mL 20% (w/v) sodium carbonate solution was added and the contents were mixed. Distilled water was added to volume, the contents mixed again and incubated for 2 h. The absorption was then measured at 760 nm using a Lambda EZ150 spectrophotometer (PerkinElmer Corporation, USA). The standard used was catechin and the results are expressed as mg catechin equivalents per 100 g sample on a dry basis.
HPLC analysis of phenolic compounds
The types and concentration of phenolic compounds of the samples were determined using reverse-phased HPLC. All the solvents and chemicals used during this assay were of HPLC grade. The sample extracts were filtered through a 0.2-μm PTFE syringe filter prior to HPLC injection. The HPLC system consisted of a Waters 1525 binary HPLC pump and a Waters 2487 dual wavelength absorbance detector (Waters Corporation, Milford, MA, USA). The separation was accomplished by means of a YMC-Pack ODS AM-303 (250 mm x 4.6 mm in diameter, 5 μm particle size) column. Breeze TM software 33 was used to monitor the separation process. All samples were injected in volumes of 20 μL, with the analysis conducted at a flow rate of 0.8 mL/min and monitored at 280 nm. The mobile phase consisted of 0.1% glacial acetic acid in distilled water (solvent A) and 0.1% glacial acetic acid in acetonitrile (solvent B). A linear gradient was applied as follows: solvent B was increased from 8% to 10% after 2 min, to 30% after 25 min, to 90% after 23 min and to 100% after 2 min, kept at 100% for 4 min, and returned to the initial condition. Running time was 60 min and the column temperature was held at 25 °C during the run. Pure Regression equations that showed a high degree of linearity (R 2 > 0.995) were obtained for each phenolic compound from the calibration curves. Phenolic compounds in the samples were identified by comparing the retention time of the unknown with those of the standard phenolic compounds. The concentrations of the identified phenolic compounds were calculated using the regression equations obtained and expressed as mg/100 g of sample (dry basis).
Microorganisms
The microorganisms used in this study were as follows: methicillin-resistant S. aureus (MRSA, ATCC 6538), C. diphtheriae (clinical isolate provided by Dr B Filipič, University of Ljubljana, Slovenia), M. terrae (ATCC 15755) and C. albicans (ATCC 2091). The microorganisms were maintained as frozen cultures as follows: MRSA and C. diphtheriae in nutrient broth (Merck, Darmstadt, Germany), and C. albicans in yeast extract peptone glucose (YEPG) broth (reconstituted media), both supplemented with 20% glycerol. To prepare the inoculums for both broth tests, the bacterial strains were grown on nutrient agar and C. albicans on YEPG agar; C. diphtheriae, M. terrae and C. albicans were incubated for 24 h at 37 °C until visible colonies appeared. These bacterial and yeast colonies were then inoculated in 10 mL of nutrient broth or YEPG broth, respectively. The inoculated broths were incubated at 37 °C until turbidity achieved spectrophotometric readings of 0.1 and 0.3 at an optical density of 620 nm, as measured spectrophotometrically (Labsystems Multiskan MS, Helsinki, Finland). The bacterial and yeast cultures were then diluted to final concentrations of 1 x 10 5 CFU/mL and 1 x 10 3 CFU/mL, respectively, using pre-determined equations. Before use in the tests, the broth cultures were shaken on a Vortex mixer.
Screening of antibacterial and anticandidal activities of T. esculentum extracts
The antimicrobial activities of the extracts were determined by the plate count and broth dilution methods. Briefly, C. albicans was grown in YEPG while MRSA, M. terrae and C. diphtheriae were grown in nutrient broth at 37 °C for 24 h. The solid ethanolic bean extracts were dissolved in nutrient broth or YEPG to 1 x 10 -2 ; the aqueous and total polyphenolic fractions were also diluted to 1 x 10 -2 and filtered through a 0.45-µm membrane filter. High concentrations of each extract were used in this experiment to simulate the effect of consuming marama beans (assuming minimal dilution in the gut), as occurs when used in traditional medicine.
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A traditional practitioner using marama extracts to treat various diseases in Botswana diluted extracts minimally (similarly to the concentrations tested). Individual microorganisms, at concentrations of 1 x 10 5 bacterial cells/mL or 1 x 10 3 yeast cells/mL, were inoculated into liquid media (nutrient broth or YEPG, respectively) containing a twofold dilution of each extract as indicated above. After coincubation of microorganisms and extracts for 3 h, aliquots of extract-microorganism cultures were introduced onto the nutrient agar (bacteria) or YEPG agar (yeast), and incubated at 37 °C for 24 h. At each sampling time, microbial culture samples were spot plated on solid agar as previously described. 34 Briefly, 10 μL of 10-fold diluted bacterial or yeast suspension was spotted on agar as follows: MRSA, M. terrae and C. diphtheriae on nutrient agar and C. albicans on YEPG agar. The spots were allowed to dry, and then plates were incubated at 37 °C for 24 h for bacteria and 48 h for C. albicans, as previously described. 35 Each test was done in triplicate. Counts of viable microbial cells were taken as determined by the ability to grow into colonies. The results are expressed as the percentage of reduced counts as compared to the control (without plant extracts added).
Broth microdilution tests were performed according to the Clinical and Laboratory Standards Institute (formerly NCCLS) document M27-A. 36 This method was included to determine the minimum inhibitory concentration (MIC) of the different extracts/fractions. A method modified from that of Swenson et al. 37 was adopted. A working suspension of the inoculum was made by a 1:100 dilution of 0.5 McFarland standard bacterial/yeast suspension (1 x 10 6 yeasts or 1 x 10 8 bacterial cells) (modified) in 0.85% saline followed by a 1:20 dilution in nutrient broth. Twofold serial broth dilutions of each extract were made, then 100 μl of liquid suspension of the bacteria or yeast were added to each well to achieve the final standard inocula of colony forming units (CFU) of bacteria (1 x 10 5 CFU/mL) or yeast (1 x 10 3 CFU/mL) in 96-well plates in triplicate. As a control, 10-fold dilutions of antibacterial or anticandidal agents were prepared as follows: 50 mg/mL to 5 x 10 -7 mg/mL amphotericin B (Fungizone, Bristol-Myers-Squibb, Abbot, France); 10 mg/mL to 1 x 10 -6 mg/mL streptomycin sulphate (Sigma, Missouri, USA); 10 mg/mL to 1 x 10 -6 mg/mL cefsulodin sodium salt hydrate (Sigma, Missouri, USA); and 4 mg/mL to 4 x 10 -7 mg/mL gentamicin (Lek, Ljubljana, Slovenia). The control agents were then mixed with the prepared working suspensions of the inocula. The antibiotic-microorganism mixtures were then introduced onto 96-well plates (TPP, Trasadingen, Switzerland), 100 µl per well, in triplicate. The plates were incubated at 37 °C for 24 h. The MIC was taken as the lowest concentration of the extract that completely inhibited microbial growth. Complete inhibition was recorded if no more than one well exhibited turbidity. Turbidity was determined by visual observation.
Antibacterial/anticandidal data analysis and interpretation of results
Microbial counts are presented as mean colony forming units per millilitre (CFU/mL) and standard deviations of triplicate counts. MICs are presented in mg/mL. Antimicrobial data from broth microdilution and colony count methods were considered together during interpretation. The MIC values of the extracts and test antibiotics were compared to those for cranberry and those given in the literature. 39 The Clinical and Laboratory Standards Institute, however, does not define breakpoints for Corynebacterium spp. 39 Penicillin G and erythromycin are the first choice of treatment in patients with diphtheria and close contacts retain their activity against C. diphtheriae. Currently no antibiotic breakpoints for C. diphtheriae are available, 40 and therefore no meaningful comparisons can be made.
Results
Composition of T. esculentum beans and tubers
Tylosema esculentum seed coats contained significantly higher levels (≈ 500 mg/100 g sample) of total phenolic substances than did the cotyledons (≈ 100 mg/100 g sample) ( Table 2,  Table 3 and Table 4 ). The seed coat sample had 330% more combined total phenolic substances than the cotyledon one. For both seed coat and cotyledon, the total phenolic substances in the insoluble-bound fraction were higher than in either the free or soluble-esterified fractions. Overall, and also for the cotyledon sample, the insoluble-bound fraction had higher total phenolic content than the free and solubleesterified fractions (Table 2) . Tylosema esculentum seed coats also contained significantly higher amounts of free, solubleesterified and insoluble-bound polyphenolic fractions than did the cotyledons, especially catechin, rutin, naringin, hesperidin and myricetin; while cotyledons contained significantly higher amounts of naringenin and kaempferol than did the seed coats (free, soluble-esterified and insoluble-bound polyphenolic fractions) ( Table 3 and Table  4 ). Quercetin was shown to be equally distributed between cotyledons and seed coats (Table 3 and Table 4 ).
The phenolic acids and flavonoids identified in the T. esculentum bean cotyledon and seed coat acidified methanol fractions and their concentrations are shown in Table 3 . There were significant differences (p < 0.05) in the concentrations of all the phenolic compounds detected between the cotyledon and seed coat samples. The total phenolic acid content in the seed coat (2037.9 mg/100 g) was significantly higher than that of the cotyledon (316.1 mg/100 g). The total flavonoid content of the seed coat (13 036.5 mg/100 g) was also significantly higher than that of the cotyledon (157.8 mg/100 g). On the whole, flavonoids constituted the major class of phenolic substances in the T. esculentum bean.
For the phenolic acids, protocatechuic acid (152.5 mg/100 g) and sinapic acid (543.3 mg/100 g) were present in highest concentrations in the cotyledon and seed coat, respectively. The seed coat contained higher amounts of each individual phenolic acid detected than the cotyledon, except for syringic acid (which has not been detected in the seed coat) and protocatechuic acid (which was higher in the cotyledon). For the flavonoids, fisetin (39.2 mg/100 g) and myricetin (10 581.6 mg/100 g) were present in highest concentrations in the cotyledon and seed coat, respectively. The seed coat contained higher amounts of each individual flavonoid detected than the cotyledon, except for catechin (which was not detected in the seed coat) and hesperetin (which was not detected in either the seed coat or the cotyledon).
Overall, the seed coat had 13, 1.6 and 3.4 times the amount of benzoic acid derivatives, cinnamic acid derivatives and flavonoids, respectively, than the cotyledon. The main phenolic acids present in the seed coat were the benzoic acid derivatives which comprised 56% of the total phenolic substances whereas the flavonoids comprised 33%. The cotyledon had higher levels of cinnamic acid in total (31% of the total phenolic substances) compared to the amount of benzoic acid derivatives (21% of the total phenolic substances). Flavonoids comprised 48% of the total phenolic substances in the cotyledon.
Concentrations of most of the phenolic acids and flavonoid compounds in the free and bound solvent fractions were generally higher in seed coat fractions than in cotyledon fractions ( Table 4 ). The phenolic composition in the beans was dominated by gallic acid, caffeic acid, catechin and myricetin, especially in the free phenolic and insoluble-bound fractions.
Tylosema esculentum tubers were found to contain high concentrations of gallic acid, and other unspecified phenolic substances (results not shown). 
Antibacterial and anticandidal activity of T. esculentum extracts
Results presented in Table 5 show the antibacterial activity (against MRSA, C. diphtheriae and M. terrae) and the anticandidal activity (against C. albicans) of T. esculentum extracts, cranberry extract and the control antimicrobials. Antimicrobial activity is given in terms of MIC values, which were obtained using the broth microdilution method in which the microorganisms were exposed to 10-fold dilutions of T. esculentum extracts.
Inhibition of colonial growth was determined after coincubation of T. esculentum extracts, which were diluted at selected/achievable concentrations, in nutrient broth for 3 h and plating of the treated inocula on solid agar. The level of inhibition (that is, the average number of colony forming units (CFU/mL) ± s.d.) is shown in Table 6 . Percentage (%) inhibition of colonial formation was determined at selected T. esculentum extract concentrations, typically the determined MIC. Cranberry extracts were used as comparative antimicrobial plant extracts; cranberry has been widely shown to have low MIC values against different microorganisms, especially in the treatment of urinary tract infections, and has been widely recommended as an antimicrobial. least 90% -100%) with co-incubation ( Table 6 ). The crude T. esculentum extracts (MCW, MSCW, MTW, MCE and MSCE) had relatively high antimicrobial activity against MRSA, C. diphtheriae, and M. terrae, and low inhibitory effect against C. albicans (Table 5 ).
Using the colony counting method, it was shown that all T. esculentum polyphenolic fractions (MSCAM, MCAM, MSCS, MCS, MSCFP, MCFP, MSCIB and MCIB) and crude T. esculentum extracts (MCW, MSCW, MTW, MCE and MSCE) resulted in high inhibition of colonial growth (at
The results in Table 5 show that most of the polyphenolic fractions, namely MCAM, MSCAM, MSCIB, MSCS and MCS, had high antimicrobial activity (against C. diphtheriae, M. terrae and C. albicans), comparable to that of the standard antimicrobials tested. Only ethanolic extracts, among the more crude extracts, had anticandidal effects; crude extracts generally had low antimicrobial activity. The aqueous extracts frequently resulted in enhanced growth of the microorganisms tested. The respective t-values are shown in Table 7 .
As shown in Exposure of microorganisms to T. esculentum extracts using the microdilution method resulted in low MIC values, comparable to those of cranberry or some of the conventional antibiotic drugs used. The phenolic extracts, MSCAM, MCS and MSCS, had low MIC values (0.44 mg/mL -0.9 mg/mL), comparable to that for amphotericin B (0.5 mg/mL) against MRSA. MIC values of MSCAM, MSCIB, MCS and MSCS (0.1 mg/mL -0.9 mg/mL) were comparable to those for cranberry water extract (0.16 mg/mL) and amphotericin B (0.5 mg/mL) against C. diphtheriae. MIC values of MCW (0.78 mg/mL), MCAM (0.9 mg/mL), MSCIB (0.9 mg/mL), MCS (0.9 mg/mL) and MSCS (0.9 mg/mL) were close to those for cranberry water extract (0.16 mg/mL) and streptomycin (1.0 mg/mL) against M. terrae. MIC values of MSCE (0.01 mg/mL), MCE (0.01 mg/mL), MSCAM (0.9 mg/mL) and MCFP (0.9 mg/mL) were comparable to those for cranberry water extract (0.16 mg/mL) and amphotericin B (0.05 mg/ mL) against C. albicans. The extracts MSCAM, MCS, MSCS and MSCIB, were generally highly effective against most of the microorganisms tested; however the crude extracts (MCE and MSCE) were more effective against C. albicans.
All the polyphenolic fractions (MCAM, MSCAM, MSCIB, MCIB, MCFP, MSCFP, MSCS and MCS), showed high
inhibition of all the microorganisms tested; these fractions inhibited growth of all the microorganisms tested (S. aureus, C. diphtheriae, M. terrae and C. albicans) by at least ND, no inhibition detected; NT, not tested; MSCW, bean seed coat water extract; MCW, bean cotyledon water extract; MTW, tuber water extract; MSCE, bean seed coat ethanolic extract; MCE, bean cotyledon ethanolic extract; MCAM, bean cotyledon acidified methanol fraction; MSCAM, bean seed coat acidified methanol fraction; MCIB, bean cotyledon insoluble-bound fraction; MSCIB, bean seed coat insoluble-bound fraction; MCS, bean cotyledon soluble-esterified fraction; MSCS, bean seed coat soluble-esterified fraction; MCFP, bean cotyledon free polyphenolic fraction; MSCFP, bean seed coat free polyphenolic fraction; CBE, cranberry ethanolic extract; CBW, cranberry water extract. The magnitude of the t-value was assessed to determine the level of significance between treatments; *-5 < t < 5 and **-10 < t < -5.1 or 5.1 < t < 10.
100% compared to control treatments. Co-incubation of the microorganisms with some crude extracts, especially aqueous extracts (MSCW and MCW), resulted in increased microbial counts.
Discussion
To our knowledge, this study is the first to determine the biological activity of the marama plant (T. esculentum) in terms of its antimicrobial (antibacterial and anticandidal) effects. In addition to the known ethnomedicinal and nutritional uses, 2 we have shown here that T. esculentum extracts have a relatively high antimicrobial potential, especially the crude bean ethanolic extracts and polyphenolic fractions. Tylosema esculentum bean seed coat and cotyledon polyphenolic fractions had relatively high antibacterial and anticandidal activity, implying their possible use as new and potent antimicrobial drugs. While MIC values of the Table 6 ). The crude T. esculentum extracts (MCW, MSCW, MTW, MCE and MSCE) had relatively high antimicrobial activity against MRSA, C. diphtheriae and M. terrae, and low inhibitory effect against C. albicans (Table 5 and  Table 6 ). This finding indicates that the duration of exposure of the microorganism to the extract may be an important factor in determining antimicrobial efficacy -most of the extracts, especially the phenolic ones, were effective in killing the bacterial and fungal cells within 3 h of exposure.
Higher antimicrobial activity was found with the T. esculentum seed coats, particularly the polyphenolic fractions (MSCS and MSCIB), than the cotyledon extracts (Table 5 and  Table 6 ). Tylosema esculentum bean seed coat polyphenolic fractions, especially seed coat soluble-bound extract (MSCS), were highly active against M. terrae, C. diphtheriae and C. albicans (Table 5 and Table 6 ). MSCS had an MIC value comparable to that of cefsulodin against M. terrae. Because polyphenolic fractions contain high concentrations of phenolic substances, their high antimicrobial activity shows that phenolic substances contribute to this antimicrobial activity. Phenolic fractions are known to accumulate during ethanolic and methanolic extraction of crude extracts.
42,43
Tylosema esculentum seed coats have been shown to contain higher amounts of phenolic substances than cotyledons ( Table 2, Table 3 and Table 4 ), especially catechin, rutin, naringin, hesperidin and myricetin; while cotyledons contain higher amounts of naringenin and kaempferol than seed coats (Table 3 and Table 4 ). Quercetin was shown to be equally distributed between cotyledons and seed coats (Table 3 and Table 4 ).
The observed high antimicrobial activity of the bean polyphenolic fractions could also be as a consequence of the high content of gallic acid (Table 3 and Table 4 ); certain fatty acids existing in high concentrations such as palmitic acid and oleic acid 21, 22 ; or the high phytosterol concentration. 14 Fatty acid combinations in apple oil were reported to contribute to the high antimicrobial activity of the oil. 44 Apple seed oils have been shown to consist of linoleic acid (50.7 g/100 g -51.4 g/100 g), oleic acid (37.49 g/100 g -38.55 g/100 g), palmitic acid (6.51 g/100 g -6.60 g/100 g), stearic acid (1.75 g/100 g -1.96 g/100 g) and arachidic acid (1.49 g/100 g -1.54 g/100 g) 44 ; the same fatty acids are also present in T. esculentum oil. Tylosema esculentum oil however contains more oleic acid (34% -49%) than linoleic acid (22% -26.4%). 21, 22 Comparably, apple seed oil was found to almost completely inhibit bacteria, with reduced inhibitory effects against fungi; the MIC of apple seed oil ranged from 0.3 mg/mL to 0.6 mg/mL. 44 Phytosterols present in T. esculentum beans could also have contributed to the observed antimicrobial activity shown previously. 45 Lignans, also known to be present in the beans, have been shown to have both antibacterial 46, 47 and anticandidal activity. 46, 48 Phytosterols, such as betasitosterol and stigmasterol present in T. esculentum beans in high concentrations, are also known to have antimicrobial activity against Gram-positive and Gram-negative bacteria and a yeast strain. 49 Phytosterols, particularly 19-acetoxy-7,15-isopimaradien-3beta-ol and 7,15-isopimaradien-19-ol in Aeollanthus rydingianus showed MIC values between 3.90 μg/mL and 15.62 μg/mL for S. aureus and 7.81 μg/mL for Enterococcus hirae. 49 Tylosema esculentum tubers may also contain tannins, previously shown to have antimicrobial activity, 42 as previously reported in the roots of Bauhinia petersiana, another member of Leguminosae. 49 Additionally, T. esculentum beans are also known to be rich in trypsin inhibitors (of the Kunitz type). 50 Some trypsin inhibitors, including serine protease inhibitors, have been shown to contribute to the antimicrobial effects of known antimicrobial peptide cocktails. 51 In summary, we have shown that some T. esculentum bean and tuber extracts have high antibacterial and anticandidal effects in vitro, depending on the extraction procedure and microorganism. Polyphenolic fractions, in particular, contained high concentrations of different phenolic substances; higher antimicrobial activity in the seed coat extracts was as a result of higher phenolic concentration than in cotyledon extracts. Crude water and ethanolic extraction S Afr J Sci 2011; 107(3/4) did not prove useful in extracting the high antimicrobial effects observed with polyphenolic fractions.
Conclusion
Our study is the first to show the importance of T. esculentum beans and tubers against diseases caused by certain bacteria and a strain of candida. We therefore conclude that T. esculentum bean extracts, especially phenolic cotyledon (MCAM, MCFP and MCIB) and seed coat fractions (MSCAM, MSCFP and MSCIB), have high antimicrobial activity. Our findings therefore suggest T. esculentum beans as an important source of microbicides against the tested bacteria and yeast. Tylosema esculentum extracts have exhibited broad spectrum antibacterial activity, mostly harboured in polyphenolic fractions.
The method of extraction and the microorganism to be targeted would be important factors to consider for optimal activity of the extract, if T. esculentum extracts were to be used as antimicrobial agents. Most T. esculentum bean seed coat extracts generally had greater inhibitory effect against bacteria and yeast because of their higher phenolic content than the cotyledon extracts. Phenolic substances such as gallic acid, phytosterols, lignans, certain fatty acids, peptides (specifically protease inhibitors) and amino acids are among the many chemicals in T. esculentum thought to be responsible for the antimicrobial activities of the T. esculentum extracts.
